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To: The Commission
While I have filed a reply comment to the EB Docket 04-296 FNPRM regarding EAS at
the end of December last year, and late filings since (2006-02-14 and another regarding
"A Coding Method for Language Selection", I wish to submit another late filing. This
concerns "Latitude and Longitude Formats and Forward Error Correction (FEC)
Algorithm.". It is Appendix B of a book I am writing about the Emergency Alert System,
which is currently over 120 pages (A size). The last approximately eight pages of the
FEC algorithm are only correct in outline, and shall be corrected as time permits. A trial
encoding has been done, but a trial decoding and FEC has to be done after the algorithm
is fully written. This material, including the book draft, has not been distributed to
anyone other than this submission which follows.

The algorithm includes measures to detect and correct errors, and also to provide a degree
of security for the EAS message. This can be extended to provide security for the
complete message without breaking the EAS protocol, and keeping it readable in the
clear. The National Weather Radio system has another format for Latitude and
Longitude, which is provided for in the algorithm, however the recommended format
provides for;
I) The ability to selectively or completely use latitude and longitude, as noted

previously.
2) The ability to have variable resolution down to very small polygons. Latitude and

longitude are more suitable for weather alerts and mobile public. Small areas are
suitable for gas main breaks and such local problems where time is of the essence and
the first responders could benefit from assistance from this alerting technology.

3) Forward Error Correction will improve transmission when noise or other errors
degrade the signal. The NWR format does not provide for that.

4) All quadrants of the globe are provided for. NWR only provides for North and West,
so it is not applicable to the end of the Aleutians without exceeding 1800 which is an
inconsistent value.

5) Security codes can be transmitted that can have FEC applied to them, by using values
over 1800 longitude (up to 199.99999) or 90° latitude (up to 99.99999).

6) The algorithm following is not intended to be made public. The deliberately contorted
nature if it is to considerably raise the difficulty for anyone attempting to crack it.

Another appendix on "The Economics of Disaster Mitigation" follows for your
information.

PlI2



This proposed EAS modification would need consideration by EAS manufacturers and
testing to see if unexpected behaviors occurred with currently used software versions in
all current encoders/decoders. Accordingly please find attached;

a) Latitude and Longitude Formats and Forward Error Correction (FEC)
Algorithm, and

b) The Economics of Disaster Mitigation.
Sincerely,

ici(!~(L(
Frank W. Bell frank.w.bell@usa.net
299 Madison Ave, Clifton NJ 07011-3764. (973)773-4521 Cp:(973)460-0722
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Appendix A; Latitude and Longitude formats and Forward Error
Correction (FEC) Algorithm.

The U.S. NWS latitude and longitude format is illustrated by;

LAT ... LON 316589403179893931808904
3176890431758902317389043173
89073170891231638938

$$

The numbers are two decimal places of degrees at the end with the degrees before them.
This example has no hundreds of degrees. Minutes are not used, as the example has more
than 59. They are in pairs, with the latitude preceding the longitude. This example is a 9
point polygon. It is always North latitude and West longitude. Latitude precedes
longitude because in navigation, latitude was a known factor before the longitude was.
The blank line before the $$ is optional. The tab on the second and third lines is optional.
The $$ denotes the end of the message and the latitude and longitude is always the last
item.

The proposed EAS format is illustrated by;

LAT.LON N52. (AB) EI72.2 (ABC) N52.0 (ABC) WI77.45 (ABCD) N51.02536
(ABCDEF) WI 77.45 I (ABCD) N50.0096 (ABCDE) EI72.176 (ABCD)

$$

The decimal points can be followed up to 5 places resolution. The N, W, E, or S will be
in the first character position because they are equivalent to a sign in arithmetic. They are
in pairs, but the order within the pair should not be of concern to any software developed.
Rather, all the pairs should have the same order for human convenience. The following
blank line is [CR][LF] and is not necessary if $$ is there. For processing efficiency, the
LAT.LON string should be the first thing in the body after the header so the
microprocessor can be processing that while receiving the rest ofthe message. Then
determination as to whether the receiver is in the area specified can proceed. The (AB ... )
sections are the forward error detection and correction characters used as part of the
algorithm described elsewhere. The example crosses 180 degrees. This algorithm is
rather contorted. That is deliberate so as to greatly increase the difficulty of reverse
engineering it. So this algorithm also aids the security by making it difficult to generate
unauthorized messages. End ofline is [CR][LF].
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The algorithm is not made public, but would be on the next pages if included. The
brackets and their contents must not be displayed to the public. As this algorithm needs to
be executed in devices like car radios, it cannot be too complex, also there is no
possibility ofthe algorithm being upgraded as it has to be in firmware. The polygons are
defined as enclosing areas for alert messages. There are no interior polygons included
unless the shape is like a "C". Rumb lines are the connections between the vertices, these
are simpler for small microprocessors to process. The north and south poles can be
included if a polygon surround them, the polygon can only be in one hemisphere if that is
so for simpler software. So the security is provided by inaccessibility from the public,
which is one level. System security needs provision by other means, some of which are
outlined elsewhere. Currently some exercising of the algorithm needs to be done to debug
it but that should be completed soon. It provides for near or crossing of the equator or the
0° or l800 10ngitudes. If the bit error(s) in a character cannot be determined and corrected,
but are too numerous, the character shall be followed by a "7". Then the polygon drawing
algorithm can construct the largest polygon with the value that is unknown, this errs on
the side of safety. Also the display of the 7 alerts the public to a signal quality issue.

Also it provides for a secure mode which is accessed by using position N99. E199. To set
and S99. W199. to clear this mode. In this mode, positions which can be from 90. to
99.99999 latitude and 180. to 199.99999 longitude can be used for county and sector
positions and the FEC security mechanism will still work. However such positions shall
not be displayed to the public, and the value of the sector shall be 0 to 9 only. This is an
unusual FEC method in that it is human-readable. This is to be compatible with existing
EAS equipment and for viewing by operators. It is advantageous that the security
switches are passed through forward error correction. However they should be repeated
also for reliability. This FEC algorithm is good against random noise, however it can be
susceptible to burst noise. For improved reliability, the LAT.LON string can be repeated
on a new line and the characters followed by a 7 can be replaced with acceptable data
from the second copy. If there are discrepancies between accepted characters, the output
of them shall be followed by a 7, but that should be infrequent.
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The NMEA-0183 fonnat may be used for data from a GPS or other navigation device. Its'
fonnat is illustrated by;

$$GPGGA,hhmmss.sss,ddmm.mmmm,N,dddmm.mmmm,E,F,SU,HD.P,AL.T,M,G,M,D
GPSA,DGPS,CHK[CR]LF]

Where GP means that a GPS is the talker identifier. GGA means that it is a global
positioning system fix data sentence.
hhmmss.ss is the fix time (UTC).
ddd or dd are the degrees. mm.mmmm are the minutes
N may be S, E may be W,
F is position fix (0 = Invalid, I = Valid SPS, 2 = Valid DGPS, 3 = Valid PPS)
SU Satellites Used (2 digits, presently 12 max.)
HD.P Horizontal Dilution of Position (same units as altitude)
AL.T Altitude (based on WGS-84 ellipsoid)
M meters, units ofHD.P and AL.T
G Geoid separation
M meters, units of geoid separation
DGPSA Age ofDGPS data in seconds
DGPS DGPS Station !D, 4 characters
CHK Checksum, 3 characters.
[CR][LF] carriage return, line feed
The NMEA (www.nmea.org) first published this in January 1983. The use of minutes is
because navigators used paper charts which had degrees and minutes on. A fonnat to
transmit polygons from a receiver to a videoplotter is being researched. The U.S. Census
Department and U.S. Geological Survey use and prefer an ArcView Shapefile fonnat.
NMEA could be engaged to formulate a polygon standard sentence. There are some
proprietary formats existing. However this fonnat does not provide for error correction
and the associated bit error and quality assurance, so a translation application would have
to be developed between this format and EAS.
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I i <NextWle? '>~_:'w, orS -j L
1-0 I ~"-_ /" :

"'" // ""y l----.l~
-'J I_ i 1-0 !

l_ _ ___ ---------r4-- Blank line or $$ I, }
; i , /

____..:t_ V
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Other
Next character?

Change to )
binary 00101001.
Add bit errors to

bit-error.
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[CR][lF)
After)

is what?

other

ignore tabs

Next line? [SP]lhen N, E,
W, arS

~-'---~

Determine best
fit to [CR][lF]
or [SP) then N,

E, W, orS.
Add bit error

count to bit-error.

Too many
errors?

y

N

Display
TOO MANY
ERRORS AT

EOln
where n=L1NE#

EXIT
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\"---__~__----l ___l ~

l L -"1.
~PutinG 5"

galice C'Cli ;S9:Fi~)Ililf

°jiO 4.8:~

Ptio' Q 6'

Seg G,=O ,

FEe Finishing.
Do XOR of bits G 0'

G 1 ·PutinG
1

Do Odd parity of G 0'
G 1 &G 2·PutinGJ

Determine even parity
orNorEandbits3an 1 of

tens. Put in G 4 .

Determine oad-parity of
b,.' IPdreds and bits 2 Q'flIlit g..

Receivel
Transmit

Tx

Rx
Compare with received

ABCDEFG
Determine bit error(s) and

correct. Add bit error count to
bit-error. On P70.

The algorithm to determine the bit errors is not described here. Basically the
strategy is to start at the finishing XOR and parity statements if the values are

different, work back from the correct statement(s) to the causs(s) in both manners
to determine which are therefore the incorrect bites).

G~~~

_u :;E"'-_----------------
Count bit errors in header

after preamble by
majority vote, including

bit 7 =0 except for P and
first J. Add to bit-error.

If overflow keep as
OxFF. Include - and +.
-----,--------

Count number of character
from first L to end of line
before $$ or blank line.

Add decimal
126 (3x header). - and +

are included. Set as
FEC-char-count.

Count bit errors in FEe
characters. Subtract from
bit-error to give non-FEC

error.

This is up to a total of about 233 characters,
or 1864 bits. This, together with the bit-etTor
count above is enough to report a reasonable

illustration of the Bit Error Rate.
BER=bit·error/FEC-char-count. This is

normally written as a scientific exponential
value, e.g. 5.4 -4 for 5.4*10--4 for 1 error

bit in this example. This a1gorithn should
function with severe etTor rates.

This bit error rate reporting is an essential part
of Quality Assurance and Control.

yN I,

(FEe-bit-error -4) more than>----
twice non-FEe-error?

Display
SUSPECT

TAMPERED
MESSAGE

EXIT



i
~I

y

1
I~l
I Lis5 I
! I

5

Is
l SiiJl'lle as

usual N, E, W,
orS?

Which is
the largest?
N, E, WarS

N

l 1I E=E+l Il N=N+l J 5=5+1 I

__ "'-L__' --..-__,.~ W=;': __J

EAS FEe for Lat & Lon

L'•
o

------1

I

j
N=N+l

i
!
i

I
i
I
I

I
~ l I y Isbiterror=2? ,>--_N__

___J ~"
y ~OUntry'~~" N

--- ~- __,.--~" equaturorO, 180 long, >--~
or located within 2J

II~/ Y of these?

r--- ~LcO~"!";1d -, N
I' -----'------, with A, I r·---~

II,nsert~_~~L I ~=--=-l===1-

I

Lis~,-S, EorW
H is not displayed or 1

T is; tens or not displa')'ed
U is degees

J i 1110
Kis1f100

Mis 1/1000
P is 1/1 O,OOJ

R is 1/100.000
after correctim

ABCDEFG are d_.
A'B'C'D'E'F'G' are_

Assumed that there is not more ItB1
one bit error in a pair or parity group.

5=5+1
W=W+l,

: E=E+1 i

l !---r-'
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"

---G

1

!
IL _

l
LAdd 1 to i"DP i

-T---J
. l I
I Add1~i~ I Ii I
I t

I

1---~- J

is-rum//~ is-DP

i~( Largos!?)---.

, i ~/ i-------l-----i---i----- I
Tie ! set character as I

iii DP, I
! I. ----~ : binary00101110 J

I ~__ I __,::::r--

l. __~~~
~/ I

I

-----'

Add 1 to is-run

04

/<2"",,, N I<B'~ and .An are tens/ j
"-~notzem?/, !
~/ I

( i
y ~._--- ~

/"

/C~'" .N / ,.
,./ next character '" , __

~erUbeDP?// ,

I '~:?/ :
: I •I----t-- --1

j--~;~

I NOT POSSIBLE

I TO DETERMINE
• DECIMAL POINT.
!Add? a~~.aJlDP
I POSSlbllilies.

-~-:=;r= .J
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.-,
I

1

I

I
I

2M, ),,(
/'~

Y / ~ N< ,,"=A'o? r---.
~/ '~

1 or 2 with G <= A',?"" 3 or 2 with no G

1 - <:$~~'~~/>- •

~' 2//;;~/ c
o Yo Nf'~A,=A',)? Y ,

i ' ;; /'1 I ; 1
, / i. I ,

: r 1 I I • , Trust 4 &4

I ! I SelA'o :-Au II I Th",~~reA-: I+ 'I t as most Iikefy. I wrong, set := Ao 1
:~tA-'o-:=-~! r-SetA~~-A~! SetA'o:=Ao I ThereforeA'l I I Remove?afterL I
ias b'ustedAdd 1 to: I as trusted i! as most likely I wrong. I , Add 1 to bit-error-colri I
, bit-errar-count and ! Remove? after L i, I IAdd 1 to bit-error- j I Add 1 to bit--error-! I and FEC-error i
• FEC~error i i Add 1 to bit-error-: I I count and 1 to lcount and FEe ! -_. ---T--- I
i Remove? a~~j I count and FEC- i I FEe-error error j I"

. l__ ::-~__J +! ---, - ~_~~~~~?after_~l___ ___J

i~~ri~g~~] L------ . T
I is correct above,I) I
I set the other so i "" I

I
XORAoA',=:A'5 I ~-A~':;'Y I
Add 1 10 M-error- I <and~ = ),.'37 ~,

l court i "

-------r-~ ~/ N lsetA's.=XOR...;:]
~ 1[ I~d 1 to M-error- I

/" '-. y I count and FEe- I/ I?"> error

<,~~/ -- .....~ L__~,- --r---.J I

T N [Md 110-FEe-e5 i -- ~~~-~---l

. 'A, i Put 7 afterT i
, //" 'I Add 2 to b~-error- I

I .. ~ XOR ''--'-. N count, add 2 to

I /~"'" ~'1To=A'://'" - --. L~e-error
, Y</,~c:.R, ',,- y ~L=~-~I
~ ',T,To-A',? / y, y
I " /. a., = 6'57 ----~! "'-( N I

t__
1-- InvertT, I
I Add 1 to bit-error- I
I ,

L:~_.__J
i
i

i
I
i
I
I

Invert A,.' ,
) Add 1 to bit-error- i

count and FEe- i
€-fTor



y

I
,-------_L ]

Trust Bn &A4 r
Therefore A'? I

i wrong, set := A2 i
i Add 1 to bit-error-colrt I, ,
'L and FEC-error !

___--,- J
1

----.
N

30r2wfthnoG

/'
EAS FEe for Lat & Lon "
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\..

I
I[4---
I

~

t,- --1
r SetA'):=A2 :
1as trusted Add 1 to i
I bit-error-count and t

I FEe-error i

1__ _---.J

~--

l-4-------------,.
/"""-< Bn = B',,7 '>
~ //

"(N
f------------ ----I
! Invert B'o !

IAdd 1 to bit--error- I
count and FEe I

: error I
i J

i---1
!
I

L]
, 22-0 j

"J

y
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I

1
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y /~~ '-N-------L.-----.-L------

+-- - -~~"A'.? / •

.~- ,,~/ /~

<~;:?'------ '-1---
1

---<!:~~::;>-- 2 --1
__ =/I>,"B',? 0 yo N r::S> YI 1-- "- Bn" B'?' I>, "B',? ---..-,

I ",- al " ! I I

i 1 "( 1 ! __J 1------'---,
I ""! I ..L-- I t --- r ~ : ~~e':e~r~:: :
, Set A'4 := A

4
. Put -1- afterU I f Put -?- after U. l i Put -?- after U. I i wrong, .set:= A, l

a~ bustedAdd 110 I I IAdd 1 to bit-error. IAdd 1 to bit..erTOr- I, iAdd 1 to blt·error-court ~
bit-error-count and I !Add 1 to bit-error- ,count and 1to! count and FEe- I Land FEC-error ;l FEe-error ! i count and FEe. I FEe-error) error 1 --- 1

- .[--'I- .1. error 1 L---,----.l I I :L..J i I I
-------=~, i--------'=---c=-----"-.------..J

!~C~~~-:~l·~ T
'I set Itte oltter so I / t

I XOR A'2 A.') =:B'o Cn':l-A= A'2? y i
l~d~:~u~·error. j ~A, ")1/ • , I

t Y N ISet B'o=XOR AzJ i

~
! IAdd 1 to bit-error."! I

~ Y I ! count and FEe- I I'

",~Ch/ --Ii 1__':[OI'__J t

"y N ~-L:---'~l - - _..J
I ("'l~1 to;c~e_mrj --- ---,

-1 ~ ~/~ , I~:::~I
~ ,

/'" l!3l!'~3? ~ FEe-emr

y <,,~OR ", ~_'__'_J

"

I -- ,-~:l!'"~''/"N) Y I"vN 6.=8',1 - ~f ~_---.J / +

I
//'-~ Y )/N Ilr:dd '1":~~~rror-l
~, B,,"B'5? / 11 I~ i co~ :

I ,~r: ~:~. J L---r-
I -, 1--' -----, "I
i Invert U 2 II I Invert l1 I I
I Add 1 to brt.-error~ I 3 j I

I
, co~ I IAdd 1:~-erro,r- I

Invert B4 I

n ~_ ~_~~n=_. L _

--------- ---- -,
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y

1 '-- __ ... ,
I Trust a" & A,
I Therefore A'L
j wrong, set := A 2 :

j Add 1 to bit-error-court .
I and FEC-error
L __-----,- ~!

------~

1_~,

invert lJ1

, Add 1 to bit-error- .

co'"

N

Put? after U
. Add 2 to bit-error- .

count, add 2 to
FEe-error

2

04/13/2006

~-~-----t

Invert lJ.,
Add 1 to bit-error- .

colri:
Invert~

L-- ~_ ..... __------l

N

o

EAS FEe for Lat & Lon

------"-,

,-----------

,- - ---~--

Invert U\
. Add 1 to bit-error- .

court

y

y

/ XOR
"~U)Jr]=A'4? /~

/
/

,/

,.-'---~',-- --1
'Add 1 to FEe-error'

/'
/

/ N

,.
/-"'",

/ -""--,
&," B',? '.

,

,,---
Invert U 2

, Add i to bit-error- .
count

Invert B}

,
y / "

/ XQR '''.
'--. U' U' =A' ? /'

,"",_ 1 U 4-./

-'" /- / N

1_-

, N

invErt B'rJ
Add 1 to bit-error~

count and FEe
armr

,

r----------,

\)
f----- y«;A~--i

~/ /'
/~ -< ",

'(AJ=A']? ~-----~-~T--l---< ~::::~

'y'-< /'
i Y 2/B,=B~ 0
. i ~8,,"8'o?/! f~a,=B/

_j___'{l j J__ !---1.~-l
f--- SetA']:=A] II I put-?-afterU-ll Ii !-----;,ut·?·~fteru. I I Put-?-afterU. I

I I' Add 1 to bit-error-
:as trusted Add 110 ) I I ~ Add 1 to bit-error-I I count and FEC-
i bit-error-eount and I !Add 1 to bit-error- I I : count and 1 to I' l " FEC-error "I arror,
L~error J c..o.Un!e':'rFEC-, .. ,! i! L :.[ __----.J

, L=--.-,cJ _le:_ .ere l__---, ., --- T
!-Ac~~r~;to v.hch I t
i is correct above., 1 ~

i set the other so i / S>
I XOR A'2 A'3 c=:8'o j /~ = A' ? Y
t Add 1 to bit-error-; .( an'd~ =;e.., ? --- -1
! ~ourt. J~,,:1 ..

•-.. 'yj / N i~:~'o =XOR~
~ IAdd 1 to bit-error- I-< ~ y I coun! and FEC- i

/"', ~ '" error", A', changed? /

"'---.., / ~

--./-/~!'IJ
, .

----:
y

-- ~ -- -- "--' - --~-----_.---



N

r----~

y
( ~AS FEe for j at & l...on

y

. - ,

error

Put M?~ after J.
i Add 1 to bit-errorM'

count and FEC-

J

,--_..I.... ,
Put ''7''' after J.

Add 1 to bit-error- :
count and 1 to

FEC-ert'Q"

--'----

. Add 1 to bit-error- .
count and FEC

efTor

L _

. N
>---- 

/

Set C'o;= Co
:as trusted.Add 1 to :
: bit-error-count and

FEe-enor

C exis1s?

/
,./ c[:= C'o?

3-1

, Invert J'3
: Add 1 to bit-error-
f colrt

N
t

,-----.,

L.nn . --J~-l-nn
,

Invert J'2
i Add 1 to bit-error- !

j colM't

InvertC3
Y_._--. ···--1-----'

y

f
/~

./ '~- Y
/83=6']? ""
-",andC =B',,?/>'----~

" 0 ~/ ,

-'... // r- ----
'y N :SetC1:=XOR Bpoi

I Add 1 to bit-error- :
count and FEe-

y

error

-: l ~----T-----J
• L ..Jr---------1

'Add 1 to FEe-error 1,
/ ......." Put ? after J

/ "" ' Add 2 to bit~error- :,/ "N
~OR J' J' =B' ,)____ . count, add 2lD
~ j 2 U I, FEe-error I

"-. / " L.__._~_._-';J/ /' .~ yL...._·_--t

( C3 =C'3?/ 1

~ / __J~ f-

t".,
-,"-.

< Cl = C']? ,,>- -------1
'~ //

~/N

-.I__

,

! According to.....tich
is correct above,
set the other so

XOR A\ S'u =:C'2
Add 1 to bit-error-

court.
---"-----~---

/(
/// '-"'"

</"', B'] changed? />

-'- -l~'

-:---

...-- -------------

f N

Invert C'1
. Add 1 to bit-error- .

count and FEC
error

v

_.~

Invert J'2
. Add 1 to bit-error

count
loverte_.'

lnvert J'l
. Add 1 to bit-error- '

count

31-0 ____ t -------'- . f_ .______ ------4-----J
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--------------)

31-0 (

y ,\,/,

"-,
y N

C;1 =C'r)?

-- ,
y

Trust Bu &1\
ThereforI;' A')

wrong. set ;= A,
. Add 1 to bit-error-c'ount .

and FEC~error

error

N

Put ft?" after J.
,Add 1 to bit-error·,

count and FEe.

error

L_ -------r--------J

_.... _.._l__,
Put _78 after J.

. Add 1 to bit-error- '
count and 1 to

FEe-error

'--f ~ __

y

~-

o

..,-
!,

//'

C_..=C'_? '-.."
D~ = O,o?, ,.

______:t..._

/

--------:-..-f.... ----
__ t _

According to which .
i'S corred above,
'S,et the other $0

XOR B'} C'u =:C' I

· ,Add 1 to bit-errci
court

· Add 1 to bit-error- '
count and FEe

etTOr

2
-----~,-

Set G'l := C I'

as trustedAdd ~1 to .
. bit-error-count and

FEe-error

y

._--~...----_.

Invert J'1
, Add 1 to bit-error- .

count

-~

Invert J'a
, Add 1 to bit-error- .

cou-t
Invert B2,.

y

I-----~-----l
Add 1 to FEC-error L

- ',---
//"-.... Put? after J

/' "'-... . AcId 2 to bft-error- .

/.X·OR J' J' -c~ N cou~ add 2 to
<'"", 1 0- 0/--- -----, FEC-error

'", // ~t L~--·-T~--~-----.J
''1/ // ~ L- .. ~ ~ ;

Y / ~ y< 0,=0',7 />----~
~ .

'V
N

- , ,,

yN

y
... '

/ ,
// ~"

< 07 = O';,? >
, -""

+

...

It N

enor

...

Invert C']
. Add 1 to bit-error- '

count and FEG-

y

Invert J'o
· Add 1 to bit-error

count
Invert B]

Invert J'I
. Add 1 to bit-error- .

count

.. ---_!_--------, - ._-~-----.-j


